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A) 

1 ) **!WM7\ 

ft l . Htrl'S^r * U V jfffii £ fe^M fc & < J: 9 Officii x § ^ fc £ *T 

fittcf I) . filler -t y -v^-f yfaoyytc < t i> i fflw^— ? 

fine** y-w^ r*^^Ti^Ejt$:S}tTf)ie^^-^^T^y-«* 

ffiex^— ?#>\ ffirts^^ y^^r^^fris^.^— tzitixmiyv-y-i yizfc 
m&vv^iurzw&th^ m^^hcr^msHnw^ifi^. mil?™ 
-v<\ >ft&<vME%ixt:m\rt%<^W}Mmwii?ffimi l zimzit& & oiztt 

mzRimmom^miz-fz , ts^s i iaiw>*a. 

mi^-wiz-ayiuz-kts. it^JB i iBttw^ffi. 

Bgiex-p^>A5 s ^EE^*ft£vy#x-n^-'/k Hr/Pn-^x-o^VU&LMrit 

miWBxhV y7*#x-oy;p*-&fc. If 1 0 lea^Sc. 
CfS^Jfll2] 

v-®$mzmmh. m&ni enacts. 
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mWM74v>M7mw.t\ s»tt£tt£iew>. mm^'j^M7^^mi^- 

7k4>fflj£^-f 74 v>M 7&WX'h ->X . 
ffittt 4 . fuf E* -v 'J -w M 7ft<r>'Jr-% < b 1> l * 

x-hmm.. 

I. c t sr^tEfc-r sot-H}-*5»s-ffi«-r4 , if^JB 1 5tes>^AM vtM 7mm 

mi^-f^-o-yil-Xh'J yrX(±x-a^a^»?r-&t', fulfil 5IE«C0 
[f8#JSl9] 

<7VM 7M vam 7'g£B. 

\mom\ 

IrtS 4>l8=ar#tttfMBS8t:ft S . m&R 1 9IESOAW 74 V)M 73IB. 

irth j f-a.-7<wmizi>z* n#ki nm<7»u74yjM7mw.. 

fiifET.^.— i?5fE7n-;M v<nmWK^ ^-7R^A,^4 )icr)mmzh v ) . if 
IE<^*X3'f/W-i-7*#. MEAMr^y/Mr^flWaco^46tc»fE^(*Xli» 
S«r**f &. M*JS1 5KJWM74>JM7Hm. 

Wlt>*tA,?4 )\^-3.-7W. 7k. T/lo-zk ^'j3-;k rM-y^AXtf-tii/c,?) 
ll***rt«»^<:4»J: ^WR%tLhf*Bmm*W&*h . VM1 2W8.WM74 
V)M 7SI. 
[13*3124] 

mis^^— mmyv-74 vnwftmz&^xmnmz^-^mx'fmLtzm 

<Pm%WtiXM- J .-7X'X'ZX ^& . W*JS2 4IEKOAM 7M >aM TUB. 
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ftut>hmffimz ! ?tnmm mmmmx-h ~> x , 
a^&fci&Jtsxst. 

mmzimt&rsmxw^ -yx-mi&xmt . 
mt 

[fiM28] 
[|R$)H30] 

m\m\vmy a-?4 vmrnh-rnkx-h^x. 

iu!B7a-7>f ycOjf)Hfc^< fc t l^K8MiU^-1fS:Rtt*X8fc . 
ftT. ME/'C-fnaUc. ll^^-lWA*PHltt3aBlr»J«-*ISi:. 

[fS^3S33] 
[ft*JS37] 

we***— rtfmmtx'x- $ x . i«*js s 2 la^x/sra. 

CW*II38] 

WE^-^x-oy/WftT'T'^ TVS, IS*«3 2Sa<0*tt. 
[fS*JS39] 



(5) 



t$^2006-525483(P2006-525483A) 



[0001] 

urn 

Xf^£^LT7kffl£T'K9aj*ftl>. sSMbki; (Jtt^tfMdlXti:^^) coffin 
<&#LT, mm T^ZWrLhf&W<AX&tiX<r>&m®3 0- 5 OT^tftft-f i: 

mxi,iuvcDBmz£&m.m\mxt,im£ t )m<\ wmmxi,iMiitz^m 
mmt&mtvmnxmm<mtxtmm?&zttfmizm£ti&. 

[0002] 

■nmn, mmm^tiummPF^mrzttzmzm^iix^rzB^mx'hh. z<r>® 

Mi. 2*cr>±\M&U?\ -ttch^MW^r (ya-yj yXliya-.'U y') R 
XfiMW? (^-y'J-Vm-O') zmth. yu-yjya^ ii#*^i±il.iS}S (tzt 

t(f6 0"-3 0 0 < 'C) i«E [titUm7 OMPa (10. OOOpsi) £X'1 ^bKSS" 

a*. *x v^jyu. *mzitMLxm-fftmt*m *<f 2 8 o omxm 8 

MPa (4 OOOpsi ) ] IzWlZX^Z ( yu-y-i y^sfcilT ) ISIt$itr^?». 
[0003] 

) x-x'Z tzftm u yrzi—t {f^yvyy-i^fib^o) vmmKfflm inti 
tfi. 2misiPi) T*i&s$*vov&. iitfem^— t«i> flaw rfcttflw 

fclfA-rftift^'f Ft LTiK. #/nM7'#*S lXii2kn.lc&i;Ci x^- 
■*Ni£)t . 7M y>M rmm^T-^^mWI-WMzMf^tih t ^.XfifSS 
f&fcftff tytih t £ fc. 2#<d|§M>mM y-comznm^ x yy'^m-fhcoizi^^x 

h+JVfyy AXte2 1 tto/m-m&jmmZlit titzt i-A Hx'J 
[0004] 

hmw>B$&m<tz#>i<z\i^ {th^zsyVK^ammifUMx-hh. £tz. m^M&w 

h. mEMUTiyjurmmi. *si Qoom£x-vt&m&x-h&tiK mmmtn 
ooom^< mi hmizz&t. UTizK.?* 'j%®m&mzm&t&. 

[0005] 

xrcos&tfmi-iziix. mmmRh<mfmmimkL^\ftv,m^\ aj& 
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mtymcr>m\{$mm<tMzii. ^Mr-f wNMr^s^s^K^ (oh 

TMI£. 1 6i«f[a-C3 0°C*)S£03i}K^a]MfC\ fcfcitfo. 5W/V 

[0006] 

„ tool. ?mtfmi-t. **v^U7^zmtmi±tf7kmw~<mmtLT®± 

*M\0. 3 3mrttE7)lil^E ( 1 OOkPa) mtth. 2500mT1i. 
»*JEH*&2 5MPa (356 Opsi ) [Z^-fh. 3-v 'J^M-f 7°M<7)J?£f;t ifi-$-iOI*l¥& 

[0007] 

mm 7M rmwmikt&KMzts ^tczftjiwx *)*z%wmtf&mx'bz>. 
meat, amt-t wNM7°^g^x7-;u^##ft, ^ mr-f v^-fTnatK 
{rriJtAK. Ao^iScAftKeKT-ftfi. mtt&mztix^&w&ii. 2 5oomja 

fxittgnffinzw. ztizmixKmx'&fozmtf-t&izi^ > u w)*+**a« 

[0008] 

m£<wv74>*M7smQpm±. %h#)X%®mtmx'h*), wxna*.htffr 

yu~?4 y&t/^-v O^UTlZimZtlim ?\i-mz&Wjtfrt>&% 1 2 
m (4 Oft) X'imZtll, tTl 2mJU7t'5 L§r?f«LT» JWr-v 'J 

aM7V)^£ lXJ42km<0|E^C-rS. Kft-Tfcfc:, tf'JTS (-by h5>?4 

if) £(*HIl7o-5-fyE#(;:§£ffiU KJ»H£-fe:'h55>f1fi:-te>'h55>f1fi: *>IB 

5gLfc«9^ *0>mftiWm.*(O**VA?JU7lzWL&tt. 7 a-y 4 

. +^y^"C>frfcjfAS*i4K^t:»Sff-4. -fey Yyy^-f a*. ^-vU-v^t"^ 

t¥A^ltt7D-5-f y^^rt-tSOJcfeio. ^lk«Xtt2kmW«^r^ y^MTg 

mm.-thT.mi. ^uBx/ciiffjM- h^nm^ihti. nnm:&m&iwffl&9 
•th. 

[0009] 

$ftffiffl£ilT n&tt#£T-<i. 7D-7^f y&t/^-v l J J rA^7*<301X«i2kmE^ 

mxmzw&MziiZttw^gmi,, *><-&m. T-7-x'fe&mz®%.i-&. 

t. ^JSUcK^o-^yS:. •feyh77^-fC^otH^tt^-y7 1 ^iS^t- -5- 
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*4. 
[0010] 

aictttfca*<ofc*\ &tt>fUT?<(><wfe. ymm&izmtt. attoisw-w 

AM 7M yAM TUB. SrSSttfttflBIIgSffim L«ftSifc *««W36»o!BjS?g3lW 
[0011] 

-~w&BMU74 vAMriSttt-H, rtfflvo-^ytf. tf^xssHtr^xf-v 

? (GRP) MO*+y^<-fTKJ:oTfiWS^*WJlfflfflB^KJJoT^*l 
•MWKSfKStl-C^*. ^2 lmW/iB-Kc7)Me^*SW-ri»J:t^6Mtt^T#<taiffltt 

yzmmnmjjizsmzixx&b-f. n-Mnmimr&ttxzhtbxm^. uztf^x. 

[0012] 

tfete^AM 7M vam rsimi^jjBc r p am 7M yAM muni. rtfflAM 

. ^KOiSJ^flSSE [£t;Uf70MPa ( 10, OOOpsi) ] J 3£Rlt3ft- 

. ?HMAM Tii. SfeiLT . ?UEtE [ 1 . 5km ( 5 0 0 Oft) X 1 5MPa (217 Opsi 
). 3km (1 0, 0 0 0ft) "C3 0HP& (4 3 4 0psi) ] fcWifcJSfcRatSftTV** 

[0013] 

r?x h . m^m^it^im^Anm^^w^SR^^^x^iz t <r>m 

iifz^mmmmi (mldh mmmmRV&mm£X'ttm<iiz&^&M 
Zvk-tnK hrk, ml U3.£btt>xm<<timx'h*) . mm. wimmmmmzmm 

[0014] 

timmmt mttt. 1 fi^xt^x^— ^-^sts^itt cofSHcisit^-n^. 
rt*£$iiMi-i>£^7n-54yT-&i>AM:7M yMngg-ea*. 

[0015] 
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com. ( b ) tt*jWc/Jv&ar*+ ( c ) flWEWtH"JjSt«*ifceSJI (ft 

JMKIta£Kfta¥ftj&< frffltt) - ( d ) J: OftV^Sitt&tf J: 0 §ovW¥S (ft 

5fe«fiffix«GR p^m r-f Ttstncfctts rtfflP^ rtzHX-nrnf *miz&^ ) 

.(e) ffljgfliak^&t WBkOj: 9»9«*h ( f ) J: h 

ntunywnmt. ±Mm%mim&izi!miz&i,xt5*) . ^i»:j.xr-£fsi£= 

[0016] 

o 

[0017] 
[0018] 

[0019] 

[0020] 
[SStl] 



4 1 - v r 

[0021] 

(Warren C. Young. Formulas for Elastic Stability of Plates and Shells, Roark' s 
Formulas for Stress and Strain, Sixth Edition, McGraw-Hill. Inc.. Equation 19. a 
, Table 35, 1989) . iW. q{ifl-JET'?>9 . EHHry^T**), vtitfTV >\tXh 

[0022] 
UR2] 



9 = 0.807*^*- J( r l T )»*4 (*2) 
/ r V 1-v r 

[0023] 

(Cct^T^c^^il^) (Warren C. Young, Formulas for Elastic Stability of Plates an 
d Shells, Roark' s Formulas for Stress and Strain, Sixth Edition, McGraw-Hill, I 
nc, Equation 19. b, Table 35, 1989) « 
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[0024] 

— fflt LT. 3I3S9&*8 0. OOOpsi (5 50MPa) . Av^3 0 0 077Psi (2 
0 OCPa) fttfsKTV VJt ( v ) 0 . 2 9 ££1" S WrM£6 5cm) OfflgA 

-f7>'4, OOOpsi (2 8MPa) <MU£i&H&%&Z%i.-C*.h. EJHiSH-Eebit: 

fcWCjfiflWrftWSU. 3U*»4>JHrt*£:. 0. 4 ( 1. 2cm) X'foh* Vfr 

f- ( 1 5cm) fc£4J:'3fcI!H3iiT^&&&Hr. 5S2A^frim>i: 
, fc-f*»0. 18-0^(4. 6mm) X'h y ) . ZtUt%m%<7)6 2%(7)W&lzm%?&. 
[0025] 

CDX^— t^@W>mS-tm-rc:i:*»'T#S) „ tl 0A>*7D-7-( V\ 

ffiffl-f AM 7V t^ISIORSS+T/^ 7° 1 2 , 14 <7>ft* fc«HTffifiJ 

KESSfifc.X'*— 9" 1 0 K J; -?T«ttWfc$8S*i$ „ Jf-r 'J ^t-f 7* 1 4 fcU'*-^ 

im^h^n^mom-hx-hh, *wfflmx~mm& w-j-y-j mxa 

[0026] 

Lt, jEUMSHK^ifctofcUS. ^-tlO^flflttt. tzttim&mmMf** 
*>!0li£fc Sit x^— noil fllJiWfc:Sfi^*fS, fcfc*.tfiHXHffi3S 
[0027] 

3MWi. fcfcitf. 5 0mW/m*KJilTt-S)l.ii:* ? T'#l). ^|gii&<g«T^ffisr«T<?)* 

■y y-v^t-f r 1 4 <3»v«#g»**±«aiimfri*(re* o . ^anwisijs^f *s . 
zv&-<mmm<mmmmii. mmffimizmtzwiz+mmmszzGi. 
i£titzu<)wmmmmtz>z'ctfx'%&. ztmttz. ^-^tm^^mmumtt 
x'x-zxh o . m-vmmmiztiv&x? em**: r>xmi2tLh<nx'is.%<'U r 

[0028] 

ny';UX<i«^S+:;l-n-XX-py^ s fciitfAspen Aerogels (*7tfi--fe7 7 
WNorthborough) *>^a[S<iTv^ fcW"C1KK^-*i4:36«T , # x-Dy-'/Mi. 
£3lfflWi: LT*BJ1JBi#(cK i )i£t?*ffl^HFm6 , 6 7 0. 402ft$ A>tC»$ffllCie© 
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[0029] 

& fc , H 3 Tli . ( KS<o ) ig&x h 'J . y r 1 6 &tf ( BSfiD ) SSft fflttW&tt 1 8 s&* 
jiffcilS. Bfi®<9?#$Xh y 771 6(i, X^— f 1 OtoSfgSix U^— >f 1 OcO¥ 
ii3r±ffiSrjH;i.Tjffitf* ) . **'J*/*>fri4fci8«&h.T. «ft»OHWtS:filK 
U ft ft£gfcft£l|f|W-* ± 5 K»< . h U >y •/ 1 6«£fc. 

Xt—tf-lOli. *x<) 7 1 4 Sr^jt^t^ L . #«tMWt7D-7 
4" V 1 2 1 4f -v y -V nM 7'1 4 t & Uttb RUB 0 (ft . 
[0030] 

**y*^ri4^itt«W8K, ISfttiJO. ii^t^TT-ffif^-tirT, *+y 
4<0TfcfiHHt:fia-r6^—9-fc^— Vtoia-C, 04Kjjrf ioKrt-f 
^y-2:^$1i-SCtA<t-^S e £<0*£, MSffS^^tC^f^y^NMTl 4(7) 

immmmw&^^mm.^^(r>T\itc< . y r i 4 w^moKstcn 

[0031] 

|5iC7n-^M7Ti:^ (t^*>*)i oca) At^fttKLfcf^fefto^r^^-^y 
5cm < (>a >+) tmix^&ms. *T7V-mW** 7°IS£ z 6 2%m- 
-\*^ri4<oa§S:*S^4.-r. 'V74>JU7%m<7MB2.Z%M.thZ. 

[0032] 

X"<— frlOtt. 7D-7-f^7l 2JCJ;oT^^|6lfcS#$^Toa. XI- 
tlOli ^'J+aM71 4>«98Mffi£tfLT[S;fo&?im££tf±tf>.5. 7n-5^ 
y 1 2<?)foMRV : *Ar>) J YJU71 4^Hffl*^c7)5^McoTT'. 1 Oli. * 

-?<) j rJU7i4t7n-7-i yi 2t<m<»m8tovy7\z.tcz.. mm. z<?)-u$m 

fcSb*£lTt4. fcfc^tf. »t{bkmfrL>&t&yn~JW71 2<7>l*i«I#6 9MPa ( 
1 0. OOOpsi) ■CfeO. ffckfcJ:-3-Cdfetl)^-vyA'>'^7*14<0>HaiE* < 2 8MPa ( 
4 0 0 Opsi ) X-hh%t>\f, ya-yj y 1 2{C*f-f &9&))MW.±b-¥i)>4 1 MPa ( 6 0 

oopsi) x-hh. S'J<7)M#£l-.& ;v<--«n o«. 7n-?4 yi 2<d£*v> 

7p— ^ y 1 2i) i ^hwm<rm^mts:W&^Ltzi} i ^x, 70-54 y 1 2cmmz 
mbTzttfX'&h. 

[0033] 



(11) 



^.^2006-525483 (P2006-5254S3A) 



xL—WSt 

XL-mi. MzX-yX^yr^tihX'jlz^m (fcfc iimmm >wm.) X'h 
*itt>'CSS. BBJgflWr^-^Tti, 7^—914. ftB7n-5-f VfcJm^+y^ 

^rfcwrafc^snsnas^fflrt&^iflrnaK^s. ±a*Lfciwsw**-*ti»i 

tLX. XL— MMWlt. +*XJ4f-a-^R(+2)«)V^Wr*4i4:«i"C#. 8 
«W& «¥ Ifttf fBBfctt t flcff LT t i If PJJKWiHAJB* k & C i: ffX 

01-3(4. m&mm&mzgmz, x 3 izm*ht:m%mm$:iii-z> h 
^am^xl— mimz*-?. xl— vommx. ^*-7*mnzitizb%<xL 
-v*>w7mmizMf^?<Kc&xo%Mmx'b&<<.zx'$>&. tztm. 
fw. mmmvsmni- mwztifc^vux. f-^-^^m^izs. 

[0034] 

®3 (4, &mz b&mknmftfr^wfmwx h y - y r i s t -#±ic* •s.-tji&x h 

-fyi 2^O^f5»^«'hPS(^4^(cjijK$ix/ii,c0TJ)l»„ y-WNM77p£>7 
o-?>fy£T*<9£l&fEjt$ffi(4. £t£(f 5K/i 2 -'COTT'&S^fc#T'Si6. X^- 
•^1 OiOTSP (-fSr-b^. 70-74 »MTl 2 tffl-f &{!) 14. ^ffi*'*.— 9":M;l< 
1 05:«7n-5>fyi 2*>^>BB!ftti 4 3(c^tt?fLfeSffiffi^?x-a^X h 'J 
■yrojF^^Mtffltt^-olEfrSVtt^x h 'J v7°l 8£*l/CV^|>. i-d^W h 'J >y 

saHtv y *x-oy-Mli'fe;('0-^x-Dy^tMtl 1 £ t tfT-^ l> . 7 by y 7'o 
ffS(4. 7^— 9-1 QC0Wi%mmzX'>Xm£9. Hftfctt, lw^7P-7-fyi2 
t*ir !iW/*14 t«^orag8cOi:Jf'-vvr^a4tT*) > ). 7/b7 

^— 9- 1 ot LToflBafflBr«*r<iofleffl?&fl3i»-r4. 70-5-01 2(4. satoEs*. 
rv^7D-5-f ycoidfc. S^t**^a3 4 3(cfgft§ix-cv>i,. 

[0035] 

05(4. XL— *X3ffiZtltzW\>W&.mt&'U74 »U 7&&0)gm*ItffltZ 

<9Brffl£1rl/t^S. II 5 :7)7°a -y Hi . ^ScOJEtW. 7^--9-^JLT*(4Jt«WISK 
. 7^-Hffc7^--ttora^*f-^y-T-(4S^t'*>S>ri:^^'t <> 
[0036] 

XL-^1 0(4*fc. 7^—9-1 0ra(^J[6]<7)^> y7>'$)|,^(C7^— 9-1 Offl 

lizijvi-v-mm-zmwsL {-ttthh^^turiA) tz&gzwfflt&ffiz 

£> t . *HH* * y \M r 1 4 i rtfffl 7 o- 7 4 y 1 2 <: «9|i!T*fbHS<9&e 
itL*»aftL*^J:dt:flHaSifC^*. 7^- 9" 10(4. f OSttfc#*>;b&-r. ff* 
L<(4X^— 9"1 0t^+'J+AM71 4Si;7n-7-(yi 2fc<0lSk0lfffifc;fe(t6'h 
$^»Mffiffl5r^L-C. A6V^iffi«ftffltt»B!Mif^^-9-i 0(cffiffl-f XI4*<0 
4 3 SrWBT'T^ £7 h 'J y 7'£7"<.— 9" 1 0 fc A-f T 1 2 . 14 <7)-1jXimj) t Of® 

izEMi-zzttzx*). imz&^m.tjLimm-ixoizmmtLZ>. 7^—9-10(4 
. %w<o y >^#.*"<— -r 1 1, & l . a* ^isfasco * b y y 

itf-*~7X'$)Z>Zk{>X'$l. 
[0037] 

7^-^Br®(i, n^LL<(4H^OBi®€r^rtl»^a-7'X{4*^. FTO*>L< 

R?5«2iat573¥gr^.(c^ i t 4>T'# *. 
[0038] 
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2*?)ff>b>U rkX^—Vkomzffi&Zii&^x yTte, gMtfRt&Z k t>T§ 

*u mmi/->i-vx'Mmm-f&zt{>-z'%z>i. u^mxii^izmm^x-mnbh 

[0039] 

am r-f y\M 7'Ujtxg 

tf^xmmmzmmtbzktfX'Zh. 

[0040] 

, 70-7^ yi 2t ixcommcotzMzm'oia.t,. 

[0041 ] 

2. 7a-5^>-Iixf-y3>'t. Wwc-f TfciWSLT, IBliiJIS 1 Xti2km 
f)iS8L,£7n-5>f y 1 20)&.#£mi&mzBtflt?>. 

[0042] 

3. AM7'7<-r/n-f-^7^y7W\ k' Ask'AMVX 7 v-v 4 >12*mf$. 
^LT , 7>1I*OftflDfo£§ttT*#W&AM 7°-f y\M 7*§SS£jgtfc?- & i: £ . 

4 -y/u-T- 9 r-fe y y y c «t o r stttSfts mmtt ®&m> t <ommmz t 
^xmwztii. 

[0043] 

4 . 7,^-^f-y 3 y 1 0 0)tfft ( fc fc itiPPfflfcx-n^kX h- 'J v T 
i^gXMIyTtHfttix^Hft^f-a-y) SrBKWtaiO, 7n-7-fyi2co 

sctt/nnsaBiic ± ->xmm<?)v-yi-R.r/t > -£A,ftigx'[H®>w nzh-t/nzm^nm 

[0044] 

5. ^mmxT-^^yx-m^cntz^pi^x^-^ri oc^^L^m^nsmw. 

tttUWtraO, 7o-7>(yi 2<oetSL/lill^KiKJ:oTJ^a<otvf-aif4>^fl 
7.T- v- 3 >T*-*?affi^JI£-K(cSlt6 £ k t T'§ I. . »flJ&M<9KS!tf}£ 7 o 

y 1 2tiiftiw«*>, >ic7)x-f-y 3 yT&mtiBi%m£*'3Tffl£t&. 

[0045] 

6. ^ftjf^r-ygyc. 7.^—? 1 0<rm<r>¥w7£mm.l ■fhU^ 

mxvv v?zm\&\,. x^-wwtmmzmmh. mmmt. m {~t%b 

*>** »W 714) ZBfctt 2&mmh±W,X h 0 7 7k , fflWfcUxOJWi 
[0046] 

7. im±9is3vx\ mtm&zffitxft&<mimmmh< 

[0047] 

8. ma^ft^w^o-v^yK^^'rst. ftiMra-fc^i/ayr. ssifcigai* 
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[004S] 
[0049] 

io. %&Lmmm-t7is3yx\ mfexnv&mmzmmz,. vttzviia (xit 

2km) K##5Sj£LJt&£>Jf. ^LfcK#£^TflJS9 -e*l£Ji£M;: 
«V*Kfl\ fcfc;Uf 1 0XK2 0knOj|SC«ttLT^r-/WcW«.K Snif^M7 
54 y LTSHKtt* . 
[0050] 

fc . ffiflKrK '? ft v ^atflWfi tfidBt^fc^H-v > . 
[0051 ] 

ici-c, vbimmvmmm&^commzfflLxmmtcffinpjmnmsLa 
h%x-^-mf*i/x"rJ*i:imix%K. ^xt^h. ^wrrx-nm;®* 

hxM&cox-^-mmtfrt>!§m£%ii&x'h?> o m<r>miz=m~?h z ttfx-z h . 

[0052] 

— *i comzm&mm.m-f&z t a*t# i . *lt, vrntRVA*-*? 
, Tizb&miti0m%?j:jzm*mz\ Emmzmmim<7)$m£mzftwiz j £z>?>iz 

[0053] 

?g-fK**#X (LNG) ^y^-iOfflfa 

z-mi.zmt&i&mcfflM&.Tizii-t. run ywrmvs.titm*'). LNG^y 
ft.ru*. ^-fii^^-ci) . m&jsXT&immwizmnvbixz%m£m?i-?-'> 

i>. Iffi^xrAt^y^-Xls. ZftS'xJl<HII-'?&**6. »Ak«)iat:««»*»4 

t*. 

[0054] 
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. LNG? y 7 tl£®.t<7)&®CD?i- ymzitio Z blZfrh. Z<7)W&. Wfki/XT Aii 
. ( a ) fS^lS^^SrAil^WSWWaSrfiS-r i***— <f . &tf ( b ) X^— »f t X 

^-vccomzwrnztitzMfm. t-zbimmmnmn^-^yj^^ti. a<<-wz 

[0055] 

hd-^mmmmxn. myo-JurtK m&xuh-fmz^&mit^m' 

t comvpimimmizEmixkmnmm'iffimizx $ ^zm.mmz^mixi . an 
**f. ttbrnx.-vyim^xtex.-uyii-y^y'r -y hmmm^mzmmziixm 
fo*®skmzm*i.T . ani^uerx (lng) ttii^££u&£xittrLij:3(cu 

4^cofflff>p]mttm®izi>m-ftmzwx2tih„ x-nw«^» h^fiewsn** 

■ffx^^J:3tcta. icoio^mWfi, jI&^HETIIJfc-f & tLfc&T^&U ft 

xt \sX>m?va ytzMLxmkztihWJ&tfxzmwb Lxttm-tumzmi&'tz 

. Sfl^Sfcift (LNG) is. -2 5 0^2 6 0° FcOi dfrffiaftljaSil*. fflJ£<7) 
[0056] 

ht^x&mco%^z^-vzw&t&^imcoio%mm&z^mztz>. 

[0057] 

*9Htf *WH (PCM) ^ffiffl 

(PCM) £. X^-^t^^-^teDStf02raX{iX^--9-f-i-ywrt^SSC$ 

i»A-rict*«T§4. an6»itaia«t>. pcMtMULfciMi, 7n-5-f^s 

t:*4ii6«ft**(ci9>^< OfcftiliSitSa*. PCM£?I3»nStta { . rtSS<0»£&£ 
v^»**»4>^HWJCjBBf$*i.]t«!!SCItm-&. ftfcv^feki P C Mb aiacffiftjfcBrS* 
H5«tl»Ci:tcJ:0. PCM& BB*«*^6^7'>'^T^+W«'frJt»)fe«^J« 
IB. ftfl^*Wa<?«KJ: i 9*<l«»-f6^fc*«T , *6. iiffl&PCMcO-0«i. flHfc 

*^iaig* ? ±T-ti)(c-?ii®M. SEa'ftf6ik* t r#4D'>. mz^m/'^y ■< y 
v*7X'hh. tztut. n^tf-mfozm&z^i-hmic. -gkoimmmt, 1 6o~ 
lso' Fx-mm-tzzttfx-zz. u>>u D->ffl^^^-n,^ttj:t). mss 

fi{C{t-tTS=5r§a*$-*-r?.J:9(CPCM*fjait-|»Ci* { t-^l.. PCMJi. 8Kflc 
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[0058] 

I < tem^mtywmytmtmw . mm^^^m*-*)^- tarn ixw ta 

7fc*t .t^t, W\*C0t-Y-JU7'j-jL-7'2 o a 1 OO^HKOISI 

[0059] 

. mmixmmz^^K zizmmtx. im^mmwim^y^y^zx^x^/v 

[0060] 

-■km&mmmmmiz^x . wmzmwt %F)mtt&mtz>, cat 
*xttxsKftiTt>j:^. wh. %f%<7)mmBmm>ix*%m*i. mmi 

[Hffl^m^BJ?] 
[0061] 

[01] 7o-?4>\ 9-auf*^"j^/^r*«MS*fc««EIT**. 
[02] 0 1 <^||K<0K*@-C*S . 

[03] =ftBcomwzGthz^--v-<vmfflZimxhv vT&v$rnmmwimtk 

I I izjF?m®xz$mmx'h i . 

Tx-ijTi- v-$zimmiz$>zmm -v -rnammxhh. 
[05] t*/<4is^-^**^-4JB*flWr/'«-f 7M wt-r rm 

m.<r>"f-imm^y a-y^x-hz. 

[06] tt3&x*/W?-£fl6JB IX'U TA V>M rgS+^MbK^<Oia*^ frttftf 
■2>b- r-y^u^-f , 

[07] 06cOh- 7isAfl*RL<>W TA ytU Vg^m* MS&bkkfflX'h 
I. 
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Fig. 6 
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[«iKB] J PJ£173MJ=|6B<2005.4.6) 

•S*^-^ttoOSSf8^-f-«ft#^-3-CB^t57o-5-f > ( 1 2 ) Sr^fiTtSI 
8; 

u-y4V (12) £&flfrf &4*5:< k t-OOffi^tti^-WfiS (10)*. 7 

0-5^ (i2) cojaBKieHi'Sia ; 

7D-7>f >' (12) tmUzmSltzZ-VJ^U? (14) r^ffL-C. 7U-7 
4 y ( 1 2 ) (12) -V Tfc<0iafc:RaPR3SiaSr««t&IST*->T, X 

^-■tflBi (io) *\ ™«ffir B i^*(cfto, mmmmzjctfo-tim&MM&M 

HW ( 1 6 ) T# -v 'J -WW r ( 1 4 ) SrfltitttfcSft-f 4*4 < t i>—o<m*^L . 
* + V^'U T ( 1 4 ) SrX^-- «mja (10) tfDflBSWSfih^^JWf 4f -v- 'J^M r 
(14) «mfirft£Ei!BfiS SrjSxSffjt^E^ftttil-rfc^, 'J*;M7 (14) 
(16) c0J**rt!!JT'7o-74 y (12) fc*tLT*iJ«l§*ifcIBIU:jB 

70— 54y ( 1 2) fc. 7KE* { . ^=5r<fctffi«^flE^fSt-J) l 5. ^'JWr ( 
1 4 ) tfttfl&jttffltt (16) <9^M-C1M®§ft*:E?t£jg£i-.ri: *nr«=f-**af 

x\ mmox^-y-ffim <io) + r ( 1 4 ) 1 1 L^mthxm ■. 
a. 

[««3f4] 

wra ( 1 0 ) -v 'J Avur (14) *^x^— ifffijs (10) £tf-bT 

7U-7-Y y ( 1 2 ) WmZHZ , * -v 'J^U T ( 1 4 ) *ri?EE-f l> . MtofrbO* 

ffifrmrtoi^oijt, 70-54 y (12) rtsoMES^utK-ibJciis^g^rifli^-ii^ 
74 y ( 1 2 ) atf^r-v u-w^ r ( 1 4 ) 3Atflis©*^*Tgf£fc:-$-&. w* 

[M*JH5] 

A^-vmm ( io)*<i-nyMttf. it^ig 1 imwtm. 

[fS*«7] 

)M~ta y/uvmmK otAMr (u) i7n-5-f y ( 1 2 ) t^fSHcie 
asfifciaft^rA (22) £$*>k*o. tmmtm^m. 

m&i/ZT^ ( 22 ) #i-D7';i5^. nxmnmnnm. 
imm) 
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\m~>ZT-j* (22) #5 0M/*mT<rmGmmiG-t&* mxmi minim. 

fM T4 yiM TWmK Ai— fffim (10)fc7o-7-fy(12) hffM^WB. 
SftfcKJRi* V y vT ( 1 8 ) Sr3 fctcfrtr. IWiJ!l7BB«*tfe. 

N&7. h y yr (18) *»x-n^A'i-ftt» - iS^ig 1 OS»»*a. 

[11*3113] 

*-v y^/t-f r ( i 4 ) <r>--m.m^~ vt\ fcmtmtt % <n** y-ww r ( 1 4 
ju T4 y>M rmm\ »ss»^tt*ifif*. y-wt-* r ( 1 4 ) a»^^-im« 

it ( 1 0 ) Kfs»$ii*EE*«ff 7.^— mm (10) c^_hMS.t>'^ 

+ y + A-f r ( 1 4 ) ortaswB»stifcj8»x h y y $ ^ tatr. fs*« i tattto 
yr£. 

[11**15] 

55flESrffi-rJtfeOSS8$-f-i?)*#tjS-?-CB^-rS7n-5-< > (12) ; 

70-54 y ( i 2 ) coiflBko. ^< 1 t m^-thc*^.— ffio^^mxma 

SCOS'HIO*^— t^ttfX^- tfflji (10) ; mf 

ya-yjy (12) fc**y-V^-fri:<0iatn®K2ia&JBlW4J:3fc:. 7n- 
7^(12) £B^. 7D-7^ y (12) cOg^Kf&oT^ftfcRlftfc^t-S*-*' 
y^AM r ( 1 4 ) T'fe-J-C . (10) P3«tt£ia*)+fc:*'). 7n- 

14) SrSJtU Httrt-&i1-ffiH»S*i.*i:*. Jf+y-VAMr (14) jWEIWSSTC 
*HC£6ffi«i9tgiK9«*£i8.I-fJ:'3fc. ^t'JW7 ( 1 4 ) #\ &tt£i£ 

(16) c9&*flllT-3l3S9fc:J: WmztiteEmzmztWZiKteZtiX 0/Js$v^$ 
^Krtst^tis^y^^r (i4> ; 

t*tt^f-f 7M 

-V WW 7" ( 1 4 ) A\ ZtL&#t3fT'lt. ifcl«OifckJEEfcJ:£ 2 5 MPatfWSBfl: 
tttfi^Bxl)-! t*^^V^>*, tfltji (10) *--v y-\*A'-f 7(14) *5 

sftHitt (i6) <mvwmztvfi:Emii&zix . 3m r )T'c<m*mz®iz,zti 
[ff*j§i7] 

x^-y-ffiit (io) ^x-oy^T. b y ^^ix-u^wfii^tSr-grtf . ii** i 
sEa^-f 7M v>m rmm. 

t.^— y-flijt (io) 1 70-7^ y (12) torsi t.^.— yiiJt ( i o ) -v y 

7(14) fc<0iaXli-e<l4 > ^)p|*tffi0ft»t'b<lfcx-Dy/^ h y -yT* ( 1 8 
) £3 £fc*tr. IS** 1 7M t^B. 

[ff*JSl9] 

x^-iMJBft (10) A\ 7o-5-f > (12) ^m<r>^L^^)V<r>%m^hh. 

mm. 1 sjettwc-f 74 r^a. 

[f»«20] 
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34 m*. nm, mnm. ^.nmRx/ism^^hmx^mm^ixtjfmmm^-r 
a*— vmm. do *\ 7o-7-( > (12) comm<?>i-sL-7ftt,itA,nj jwm 

liMZiitttl . lfi5l<Jfl 1 5imwU 74 y>M 7m.. 
[W*JI23] 

[II*JS24] 

A^-vffim do) 7D-7-f ^^^^^p^Tiiswtc^-^-raPiTMra 
ummwyymmxzhh. mmi 5%im^U74yn-i7mw.. 

<.)>"/¥. mnm. E-mmx/^m^^imx^mmhrn^mm^i- 
h^mtcnmi.i-j.-7'C'c^x^h . wnm.2 4mmwu 74 y>M 7mm. 

* \ WM7 (14) *^7D-7^y (12) ^efS««?if*<iA^f5W/iii 2 
4"=5:< t 1 1 lco»«ltt^^-+/ (10)^, «^jtT^t$ix^%. iltigatt 

t (10) <OBMW»RT, wm&.km&ffimt^<?>fmmimmi<.znm 
mMX'm®miz*tLxmwztitzE.m : kigz?m$x\iz tix w^es 

IS; 

#Afc«IS£m3ft4^^£g|t«fc«*>4ia ; HXX/ 

wtfcws*, ftmftmmtf&mtmzftm? i m^mzs < is = 
[ii*ja28] 

ffl&tf'W 74 yjM 7WW>7v-y4 y ( l 2 ) 0 , «S?f-£#*-v !WC4 

r ( i 4 ) t-&& . wm2 nimmm. 

filial, l»XbOK^S5T^Sftfcv^T5>f y^+jS^Cfe-C**. II* 

[ 1*^31] 
f!S^Jfl32] 

7D-My(i2) iBa&-r**ffi-c*r>T , 
7D-7>fy (12) £Kft*IS: 

7o-7^( v ( 1 2 ) 0)jaffl£;*'<— (10) ZWitfhxm ; 

( 1 2) ^iUHtClal^tcS^t^^^ij^y^r (14) tmfX. 7D 
-54 y(12) b^vVWT ( 1 4 ) ttfDfflC. X^— ttSit ( 1 0) #+fcX0 
. *v WWT (14) 5r3d^-&P3#KSISI^«B!ctSXS ; 
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> (12) t**WU 7 ( 1 4 ) t^ral^RSttSP^X^-HfffiiS ( 

i o ) <Mmn£W®n£&®mzmibh3i-ay>izistiMii'Af-j* (22) ^isit 
&xs ; air/, 

sift2-7n-7W y ( 1 2 ) taiL-carr xs ; 

[IS*3i34] 

x- o 1, . is*a3 2isa«m 

Cf»*TO5] 

[|fi*3i38] 
[t»*JS39] 

buIEX^-- tISJt (10) #'J y*"»:RT*4. il*aiEtt<0*a. 
BfiSfc»t7Q-7-f y ( 1 2) toHHCEiWSXSfcSfcfc:**. lifiBBrifcttA 5 5 0 

Wcitf mmvu-yJ y (12) <0fflHfcK!I1-*xgS:$fcfc*». fflSMtt 

mm. 

[»*JJ|46] 

HE*"*— 9-fltJ§ (10) #afcx-o?;M*fl££*f« l IStt©**. 

f/iax^— 9«ia ( i o ) **y y^jBtt-e&s . ai#H i 5&w»m r-\ vim rm. 
a. 

[fS*JB48] 

1 53BB!WM7'<i »M7mW.. 

mmmm { , 70-^ y ( 1 2) +r«^fcj:4aa^fcj6tf*- scit* j T^ 

sBftww r-f y^M rgg. 

Mis*'*— *rmm ( 1 o > #x-oy;nm£*tf. t»*iii 5im<wM74 vjm 
mm. 
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[fS*Jl52] 
70-i7-fy (12); 

7D~5>f y ( 1 2 ) JSIllO^< 1 1 1 fflCDX^.— 9" (10); 
7P-7^y (12) fc|5|#tS^L^^y^NM7' (14) X'hoX. yu-yA 
y(12)i*t (14) fcWlS!fcHWK£fiK£JBjSU x^— t < 1 0) # 

70-7^(12) fc**U-\v\M r ( 1 4 ) fc«ISk3HaMj^|«4'Ox-n**/l'» 
fl; 

>*m%c$Uz*bcr>^4 y'4 y>M 7l£g. 

[ff*^55] 

#affiSHM-Stffi£*A. -HxteiOM^D-fM y^SHS**«iH-i. W*ii5 

m**— tua do) a<d >rm®x'bz> . w^as 4Ba*>*4 7M wt< r« 
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*K* document of partJcufer raJevanos; the ctatmed Invention 
cannot be considered novel or cannot be oortsldered to 
rnvorve an Inventfcre stap«man tho docurneni b taken atone 

"Y" document of perl leu tar relevance; the ct&frn&d Invent ton 

cannot be considered to tovoNe an brverrtr/e step when the 
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raerrjs, such combination being obvtous to a person suited 
In the art. 

document member ol trie same paler* fan-fly 



Data of the actual completion of the tmemaltonai search 

17 December 2004 



Date Of mefihg of the tnf emaatonal esarch report 

OS JAN 2005 



Name and mating address of the ISA 

European Patent Omca. P.B. SB IB PatenHaan 2 
NL - 2230 HV RJJ^k 
Tel (♦31-70) 3*0-20*0. Tk. Si 651 epo rd. 
Fat {*3 1-70) 34&-3016 



Haukonen, X 



Fear* PCTASV210 (em* chert) ^ 2DOff) 



(23) 



^2006-525433 (P2006-5254S3A) 



INTERNATIONAL SEARCH REPORT 
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Box II Observations where certain claim* ware found unsearchable (Continuation of Item 2 of first sheet) 



This International Search Rapon has nol been established in respect of certain claims under Article I7(2)(a) tor the follow rig reasons: 
1. I"] Claims Nos.: 

because they relate to subject matter not required to be searched by this Aufftorlty, namely: 



^ Q Claima Nos.: 

because they relate to parts of the Warncticnal Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, spectfcairy: 



a n Claims No*.; 

because they are dependent claims and are not drafted in accordance wSh the second and third sentences of Rule 6.4(a). 



Box III Observations where unity of invention Is lacking (Continuation of item 3 of first sheet) 



This International Searching Authofty found multiple inventions m this International application, as toUows; 

see additional sheet 

1 ■ GTI fec » l,lred ** a8ofi a | &sate* tees were timely paid by the applicant, this Internationa Search Report covers all 
™ searchable claims. 

2. Q As at searchable claims could be searched without effort MWylng an additional fee, this Authority did not invite payment 
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3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Reoort 
■ — 1 covers only those claima tor which fees were paid, specifically claims Nos.: 



4. LJ No required additional search fees were timely paid by the applicant. Consequent}?, this IntemaBona) Search Report Is 
restricted to the Invention Erst mentioned In the dalms; ft Is covered by claims Nos.: 



1 Protest | The addltanal search fees were accompanied by the appBcanf a protest 

j~X~| No proiwsi eixorapanled fits payment ot eddBona* esarch fees. 
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FURTHER INFORMATION COhfTTNUED FROM PCTASA/ 210 



This International Searching Authority found multiple (groups of) 
Inventions in this international application, as follows: 

1. claims: 1-26,39,40 

The first invention relates to a method for underwater 
hydrocarbon transport and a corresponding p1pe-1n-p1pe 
apparatus. 

The special technical feature of the first Invention appears 
to be the controlled collapse of the carrier pipe. 



2. claims: 27-38,41,42 

The second invention relates to methods for thermally 
Insulating structures. 

Although no search was carried out on this second Invention, 
the special technical feature appears to be the thermal 
conductivity values. 
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